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(54) Title: OSTEOPHILIC IMPLANTS 

(54) Bezeichnung: OSTEOPH1LE IMPLANTATE 

(57) Abstract 

The invention relates to an osteophilic implant having improved osteointegration characteristics. The implant consists of titanium or 
a titanium alloy and is suitable for the implantation in bones. The implant is provided with a roughened, hydroxylated and hydrophilic 
surface which is at least sealed in a gaslight and liquidtight covering. The interior of said covering is provided with an inert atmosphere, 
preferably consisting of nitrogen, oxygen and/or inert gas and/or is at least partially filled with purified water which optionally contains 
additives. The invention also relates to a method for producing the same. 



(57) Zusammenfassung 

Osteophiles Implantat mit verbesserten Osteointegrationseigenschaften, wobei dieses Implantat aus Titan Oder einer Titanlegierung 
besteht und geeignet ist fur die Implantation in Knochen, wobei das Implantat eine aufgerauhte, hydroxylierte und hydrophile Oberfiache 
aufweist und mindestens dessen hydroxylierte und hydrophile Oberflache in einer gas- und flussigkeitsdichten Umhtlllung verschlossen ist, 
und diese Umhtlllung im Innenraum eine inerte Atmosphare aufweist, vorzugsweise bestehend aus Stickstoff, Sauerstoff und/oder Edelgas 
und/oder mindestens teilweise mit gereinigtem Wasser, welches gegebenenfalls weitere Zusatzstoffe enthSIt, befilllt ist, sowie Verfahren zu 
dessen Herstellung. 



New claims 1-16 filed at the EPO on in reply to the Written 
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Claims 

1. Osteophilic implant with improved osteointegration characteristics, said 
implant consisting of titanium or a titanium alloy and being suitable for 
implantation in bones, characterized in that (i) the implant has a roughened, 
hydroxylated and hydrophilic surface, and (ii) at least its hydroxylated and 
hydrophilic surface is sealed in a gas-tight and liquid-tight covering, the interior of 
said covering having an inert atmosphere preferably consisting of nitrogen, oxygen 
and/or a noble gas. 

2. Implant according to Claim 1, characterized in that it consists of a 
titanium/zirconium alloy which optionally also contains niobium, tantalum or other 
tissue-compatible metal additives. 

15 3. Implant according to Claim 1 or 2, characterized in that the hydroxylated 
and hydrophilic surface has been obtained by an electrolytic or chemical etching 
process, preferably by treatment with an inorganic acid or a mixture of inorganic 
acids, particularly preferably with hydrofluoric acid, hydrochloric acid, sulfuric 
acid, nitric acid or a mixture of such acids, or hydrochloric acid, hydrogen peroxide 

20 and water in a weight ratio of about 1:1:5. 

4. Implant according to one of Claims 1 - 3, characterized in that the interior 
of the covering is at least partially filled with pure water optionally containing 
additives, the amount of water present being at least sufficient to ensure wetting of 

25 the roughened implant surface, and the remaining volume inside the covering 
optionally being filled with gases inert towards the implant surface, preferably with 
oxygen, nitrogen, a noble gas or a mixture of such gases. 

5. Implant according to one of Claims 1 - 4, characterized in that the water 
30 inside the covering has a resistivity of at least 2 Mohm-cm and a total organic 

carbon content of at most 10 ppb. 

6. Implant according to one of Claims 1 - 5, characterized in that the water 
inside the covering contains monovalent alkali metal cations and/or divalent 
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cations in the form of water-soluble inorganic salts. 

7. Implant according to one of Claims 1 - 6, characterized in that the water 
inside the covering contains Na + or K + or a mixture of Na + and K + as monovalent 
alkali metal cations, with appropriate anions in the form of inorganic salts, 

5 preferably as sodium chloride, potassium chloride, sodium or potassium chlorate, 
sodium or potassium nitrate, sodium or potassium phosphate, sodium or potassium 
phosphonate or a mixture of such salts. 

8. Implant according to one of Claims 1 - 7, characterized in that the water 
10 inside the covering contains Mg 2 *, Ca 2+ , Si* + or Mn 2+ or mixtures thereof, 

preferably Mg 2+ and/or Ca 2+ , as divalent cations in the form of the chlorides. 

9. Implant according to one of Claims 1 - 8, characterized in that the water 
inside the covering contains cations and anions which already occur in the body 

1 5 fluid, preferably at the appropriate physiological concentration. 

10. Implant according to one of Claims 1 - 9, characterized in that the water 
inside the covering has an acidity ranging from 4 to 9, preferably from 6 to 8. 

20 11. Implant according to one of Claims 1-10, characterized in that the total 
amount of cations or anions inside the covering ranges from about 50 meq/1 to 250 
meq/1, preferably from about 100 meq/1 to 200 meq/1, and is preferably about 150 
meq/1, and the total amount of divalent cations present is preferably 1 meq/1 to 20 
meq/1. 

25 

12. Implant according to one of Claims 1-11, characterized in that the 
roughened implant surface is at least 1.5 times, preferably 2-12 times and 
particularly preferably at least 2.5 to 6 times as large as the comparable flat 
polished surface. 

30 

1 3 . Implant according to one of Claims 1-12, characterized in that the "upper" 
contact angle of the hydrophilic implant surface is less than 50° and the "lower" 
contact angle is less than 20°. 
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14. Implant according to one of Claims 1-13, characterized in that the 
hydroxylated and hydrophilic implant surface contains at most 20 atom% of 
carbon. 

5 15. Implant according to one of Claims 1-14, characterized in that the gas- 
tight and liquid-tight covering is a heat-sealed ampoule made of glass, metal, a 
synthetic polymer or another gas-tight and liquid-tight material, or a combination 
of these materials, and the metal preferably takes the form of a thin sheet 



10 16. Process for the production of an implant according to one of Claims 1-17, 
the implant surface being shot-peened, sandblasted and/or roughened by using 
plasma technology, characterized in that 

(i) the surface roughened mechanically or by plasma technology is then treated 
15 by an electrolytic or chemical etching process until a hydroxylated and 

hydrophilic surface is formed, preferably with an inorganic acid or a mixture 
of inorganic acids and particularly preferably with hydrofluoric acid, 
hydrochloric acid, sulfuric acid, nitric acid or a mixture of such acids, or 
hydrochloric acid, hydrogen peroxide and water in a weight ratio of about 
20 1:1:5; 

(ii) the surface is washed in an inert atmosphere with pure water optionally 
containing additives; and 

25 (iii) without carrying out any further treatment, the surface is stored in an inert 
atmosphere and in the permanent presence of pure water optionally 
containing additives, preferably in a covering which is practically 
impermeable to gases and liquids. 
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ftsteophilic implants 

The present invention relates to osteophilic implants which can be inserted into 
bones and which have considerably improved osteointegration characteristics, and 
to processes for their production. 

Implants which can be inserted into bones, for example artificial hip or knee joints 
or pins to be screwed into the jaw for constructing artificial teeth, are known per se. 
Such implants preferably consist of titanium or titanium-based alloys, e.g. titanium/ 
zirconium alloys, which can also contain niobium, tantalum or other tissue- 
compatible metal additives. A key characteristic of such implants is their osteo- 
integration time, i.e. the time taken by the bony substance to bond, or integrate, 
permanently and sufficiently strongly with the implant surface. 

How strongly the implant is anchored in the bone can be determined by mechanical 
measurements, namely by measuring the force (as traction, pressure, shear or 
torque) which are necessary to pull or twist the implant anchored in the bone out of 
its anchorage, i.e. to break the adhesion between the surface of the implant and the 
bony substance bonded thereto. Such methods of measurement are known per se 
and are described for example in Brunski, Clinical Materials, vol. 10, 1992, pp. 
153 - 201. Measurements have shown that titanium implants with a smooth 
surface structure do not anchor satisfactorily in the bone, whereas implants with a 
roughened surface produce a notable improvement in the bone-implant bond in 
terms of the tensile strength. 

EP 0 388 575 therefore proposes firstly to create a macro-roughness on the implant 
surface by sandblasting and then to cover this with a micro-roughness by treatment 
in an acid bath. Thus the implant surface can be roughened by sandblasting and 
then treated with an etching reagent, e.g. hydrofluoric acid or a hydrochloric 
acid/sulfuric acid mixture. The surface thus provided with a defined roughness is 
then washed with water and solvents and subjected to a sterilization treatment. 

EP 0 606 566 proposes to treat the implant surface under vacuum firstly with an 
inert plasma gas, in order to clean the surface, and then with an oxidizing plasma 
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gas or by thermal oxidation and with any other relevant process steps, after which 
the implant is sealed in glass ampoules and sterilized. All these steps are 
preferably carried out under vacuum. Said process causes a surface oxide to grow. 
Although clean, this surface is immediately contaminated or extensively chemically 
5 inactivated in the air. 

The chemical state of the surface of titanium and titanium-based alloys is complex. 
It is assumed that the surface of titanium metal oxidizes spontaneously in air and 
water and that a reaction then takes place with water on the surface, Le. in the 

10 outermost atomic layer, to form hydroxyl groups. This surface containing hydroxyl 
groups is refened to in the literature as a "hydroxylated" surface; cf. H.P. Boehm, 
Acidic and Basic Properties of Hydroxylated Metal Oxide Surfaces, Discussions 
Faraday Society, vol. 52, 1971, pp. 264 - 275. A metal surface whose hydroxyl 
groups are not freely available, e.g. because of chemical modification, is not a 

1 5 "hydroxylated" surface in terms of the present invention. 

In terms of the present invention, the metal implant surface is referred to as 
"hydrophilic" if it is freely accessible to the body fluid and not covered with 
foreign substances, for example substances with a hydrophobic action. Thus 

20 various readily volatile hydrocarbons are conventionally present in non-purified air. 
These are rapidly adsorbed in a thin layer by hydroxylated and hydrophilic titanium 
metal surfaces, whereby such surfaces are no longer hydrophilic. Likewise, such a 
hydroxylated and hydrophilic surface can become hydrophobic if the hydroxyl 
groups present on the surface associate or react chemically e.g. with carbon dioxide 

25 present in the air or with organic solvents, such as methanol or acetone, introduced 
via the cleaning process. 

It has now been found that a hydroxylated and hydrophilic surface of titanium or a 
titanium alloy has biological properties or is biologically active. This surface can 
30 also be referred to as pseudo-biologically active. The expression "biologically 
active" will be used hereafter. It has been found, surprisingly, that such a 
biologically active surface, e.g. in the form of an implant, knits with the bony 
substance to form a strong bond considerably faster than an equivalent surface 
which is not hydroxylated and/or not hydrophilic. It has further been found that the 
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biological activity of such a metal surface is very quickly lost in the presence of 
carbon dioxide or volatile hydrocarbons, i.e. in contact with normal air, for 
example in the drying process, or on cleaning with alcohol. It has also been found 
that the biological activity of said hydroxylated and hydrophilic surface can be 
5 maintained extensively unchanged if this surface is treated according to the present 
invention, as described below. In this way the biological activity of the implant 
surface is maintained up to the point of implantation. 

The present invention is defined in the Claims. The present invention relates in 
10 particular to an osteophilic implant with improved osteointegration characteristics 
or with improved osteointegration, said implant consisting of titanium or a titanium 
alloy and being suitable for implantation in bones, characterized in that the implant 
has a roughened, hydroxylated and hydrophilic surface and hence a biologically 
active surface. 

15 

This surface is preferably sealed in a gas-tight and liquid-tight covering, the interior 
of the covering being devoid of any compounds capable of impairing the biological 
activity of the implant surface. 

20 Preferably, the interior of the covering is at least partially filled with pure water 
optionally containing additives, the amount of water present being at least 
sufficient to ensure moisturization or wetting of the roughened implant surface. 
The remaining volume inside the covering can be filled with gases inert towards 
the implant surface, e.g. oxygen, nitrogen, noble gases or a mixture of such gases. 

25 

The present invention further relates to a process for the production of the implants 
according to the invention. 

The implants according to the invention preferably consist of a titanium alloy, 
30 particularly preferably a titanium/zirconium alloy, which can also contain niobium, 
tantalum or other tissue-compatible metal additives. These implants are preferably 
used as artificial hip or knee joints or as pins to be screwed into the jaw for 
constructing artificial teeth. Such implants, their nature and the metal materials 
used to produce them are known per se and are described for example in J. Black, 
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G. Hastings, Handbook of Biomaterials Properties, pages 135 - 200, published by 
Chapman & Hall, London, 1998. 

The structural and functional anchorage of e.g. a dental implant in the bone is 
normally achieved by applying a macro-roughness, such as a screw thread or 
depressions in the surface, and/or optionally a micro-roughness as well, the micro- 
roughness being applied either in an additive process by plasma technology or in a 
subtractive process by chemical etching on the surface. How strongly the implant 
is anchored in the bone can be determined by mechanical measurements, as already 
described at the outset in this text. Numerous studies have shown that adequate 
anchorage of an implant in the bone depends to a large degree on the nature of the 
implant surface, especially the roughness. It is notable that the use of a biologically 
active implant surface according to the present invention is extensively 
independent of the physical nature of the implant surface. According to the present 
invention the biological action of the hydroxylated and hydrophilic surface is added 
synergistically to the substantially physical action of the surface roughness, 
resulting in a considerable improvement in the osteointegratioa According to the 
present invention, the two effects are interlinked inasmuch as a physically larger 
surface also increases the availability of biologically active surface. The present 
invention shows that the osteointegration is decisively influenced not only by the 
surface roughness per se but also by the chemical nature of the surface. 

Analyses by XPS (X-ray excited photoelectron spectroscopy) and Auger electron 
spectroscopy (AES) of implant surfaces used for clinical purposes (prior to 
implantation) indicated that the surface was contaminated with carbon. Wetting 
experiments showed a wetting angle with water of 70° or more (£70°), i.e. a water- 
repellent surface of hydrophobic character. Other studies showed that such 
surfaces are biologically inactive. Surprisingly, it was found that the hydroxylated 
and hydrophilic surface, e.g. as obtained directly after acid etching, has a wetting 
angle with water of less than 50° (<50°) when the water drop in contact with the 
surface is advancing, or of less than 20° (<20°) when the drop is receding, and has 
a notable biological activity, said activity being substantially maintained if further 
cleaning and sterilization processes are dispensed with and contact of the implant 
surface with the air is avoided. 
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The present invention is based on the biological action, in terms of 
osteointegration, of implants made of titanium or titanium alloys, said implants 
having a hydroxylated and hydrophilic surface and at the same time - on account of 
its roughness * an enlarged active surface. This biologically active surface can be 
S prepared e.g. by machining and structuring, shot peening, sandblasting and 
subsequent chemical treatment, e.g. etching with acid, or by using an 
electrochemical (electrolytic) treatment, or by a combination of such processes. 

The surface according to the invention can be prepared for example by providing 
10 the surface with the desired roughness or texture and keeping the surface in the 
resulting state if it is already hydroxylated and hydrophilic, or converting the 
roughened and treated surface to a hydroxylated and hydrophilic state in a separate 
process step. In particular, the implant can be produced by shot peening or 
sandblasting the implant surface and/or roughening it by using plasma technology, 
1 5 and then treating the mechanically roughened surface by an electrolytic or chemical 
process until a hydroxylated and hydrophilic surface is formed. The implant is 
preferably etched with an inorganic acid or a mixture of inorganic acids, 
particularly preferably with hydrofluoric acid, hydrochloric acid, sulfuric acid, 
nitric acid or a mixture of such acids, or the surface is activated with hydrochloric 
20 acid, hydrogen peroxide and water in a weight ratio of about 1:1:5. The surface is 
then washed with pure water in an inert atmosphere. The preferred procedure is to 

- shot-peen the implant and then etch it with dilute hydrofluoric acid at room 
temperature; or 

25 

- sandblast the implant, e.g. with aluminium oxide particles having a mean size 
of 0.1 - 0.25 mm or 0.25 - 0.5 mm, and then treat it at elevated temperature 
with a hydrochloric acid/sulfuric acid mixture and wash it with pure distilled 
and CCb-free water; or 

30 

- sandblast the implant with coarse particles, e.g. with a mixture of particles as 
defined above, and then treat it with a hydrochloric acid/nitric acid mixture and 
wash it with pure distilled and CC^-free water; or 
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treat the implant with a mixture of hydrochloric acid, hydrogen peroxide and 
water in a weight ratio of about 1 : 1 :5 and wash it with pure distilled and C0 2 - 
firee water; or 

roughen the implant by using plasma technology and then hydroxylate it in a 
mixture of hydrochloric acid, hydrogen peroxide and water in a weight ratio of 
about 1:1:5 and wash it with pure distilled and C02-free water, or 



- treat the implant by an electrolytic process, optionally after mechanical 
10 roughening of the surface, and then wash it with pure distilled and C02-free 
water. 

Whatever the case may be, according to the invention the implant is not subjected 
to further afiertreatment, i.e. it is not treated with alcohol, acetone or any other 

15 organic solvent. In particular, said pure water contains neither carbon dioxide nor 
hydrocarbon vapours and especially no acetone and no alcohols like methanol or 
etbanol. However, it can contain special additives as described below. The "pure" 
water used for washing has preferably been distilled several times or prepared by 
reverse osmosis; the water has preferably been prepared in an inert atmosphere, i.e. 

20 under reduced pressure in a nitrogen or noble gas atmosphere, for example. 

Furthermore, the pure water has a resistivity of at least 2 Mohm-cm (resistivity > 2 
Mohmcm) and a total organic carbon (TOC) content of at most 10 ppb (£10 ppb). 

25 Following the washing process, the implant obtained is left in pure water and 
stored in a closed vessel or a covering. In addition to water, the interior of the 
covering can contain inert gases, for example nitrogen, oxygen or a noble gas such 
as argon. The implant obtained is preferably stored in pure water optionally 
containing selective additives, and in a covering which is practically impermeable 

30 to gases and liquids, especially to carbon oxides, the interior of the covering being 
devoid of any compounds capable of impairing the biological activity of the 
implant surface. 



As already mentioned, examples of compounds capable of impairing the biological 
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activity of the implant surface are methanol, ethanol, acetone and related ketones, 
and numerous other organic compounds, or carbon dioxide. 

In these terms the present invention further relates to a process for the production 
5 of an implant according to the invention by shot-peening or sandblasting the 
implant surface and/or roughening it by using plasma technology, characterized in 
that 

(i) the surface roughened mechanically or by plasma technology is then treated 
10 by an electrolytic or chemical etching process until a hydroxylated and 



(ii) the surface is washed in an inert atmosphere with pure water optionally 
containing additives; and 

20 (iii) without carrying out any further treatment, the surface is stored in an inert 



25 The adverse effect of methyl alcohol can be explained e.g. by the fact that methyl 
alcohol undergoes a condensation reaction with the hydroxy! group located on the 
surface according to the following formula: sTiOH + CH 3 OH -> =TiOCH 3 + H 2 0, 
sTi- being a metal ion on the metal surface. Carbon dioxide, for example, reacts 
with the hydroxide group to form a bicarbonate complex, winch inactivates the 

30 hydroxyl group. The reaction of an organic carboxylic acid with the hydroxyl 
group can be explained analogously. Moreover, an amphoteric character can be 
ascribed to the surface as a function of the acidity of the electrolyte surrounding the 
surface, there being an interaction between the acid in the electrolyte and the 
basic-reacting hydroxyl or between the anion in the electrolyte and the acid- 



15 



hydrophilic surface is formed, preferably with an inorganic acid or a mixture 
of inorganic acids and particularly preferably with hydrofluoric acid, 
hydrochloric acid, sulfuric acid, nitric acid or a mixture of such acids, or 
hydrochloric acid, hydrogen peroxide and water in a weight ratio of about 
1:1:5; 



atmosphere and in the permanent presence of pure water optionally 
containing additives, preferably in a covering which is practically 
impermeable to gases and liquids. 
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reacting hydroxyl of the oxide. The surface reactions can be explained by the 
formation of covalent bonds, electrostatic effects and/or the formation of hydrogen 
bridges. In these terms it is assumed that the hydroxyl groups on the implant 
surface are the actual carriers of the biological activity and act directly on the bone 
5 minerals and the organic bony substance with which they come into contact and 
react after implantation. 

However, the present invention is not tied to these explanations. The decisive 
point is the fact that certain compounds have an adverse effect on the biological 
10 activity of a hydroxylated and hydrophilic surface according to the invention and 
that they reduce or totally eliminate this activity in respect of the biological body 
substance. Those skilled in the art can determine by experiment whether and to 
what extent a compound adversely affects the biological activity, for example as 
described below, inter alia. 

15 

The implant according to the invention, or at least its hydroxylated and hydrophilic 
surface, is preferably sealed in a gas-tight and liquid-tight covering, the interior of 
the covering being devoid of any compounds capable of impairing the biological 
activity of the implant surface. This gas-tight and liquid-tight covering is 
20 preferably a heat-sealed ampoule made of glass, metal, a synthetic polymer or some 
other gas-tight and liquid-tight material, or a combination of these materials. The 
metal preferably takes the form of a thin sheet, it being possible for polymeric 
materials and metal sheets, as well as glass, to be combined together to form a 
suitable packaging in a manner known per se. 

25 

Preferably, the interior of the covering is at least partially filled with purified water 
optionally containing additives, the amount of water present being at least 
sufficient to ensure moisturization of the implant surface. Surprisingly, it has been 
found that moisturizing the implant surface according to the invention with pure 
30 water stabilizes its chemical and biologically active state and maintains it for a 
prolonged period, normally up to the point of implantation. It has also been found 
that the osteointegration characteristics of the surface can be further improved by 
suitable additives. In these terms, for example, the cell adhesion to the implant 
surface is improved and the anchoring time of the implant in the bone is shortened. 




CA 02360580 2001-07-18 



WO 00/44305 PCT/EP00/00619 



It could also be said that the implant surface has osteophilic (or osseophilic) 
characteristics which are improved by suitable additives. 

Examples of suitable additives which can be incorporated according to the 
invention in the pure water are monovalent alkali metal cations, such as Na + or K + 
or a mixture of Na + or K + , with appropriate anions in the form of inorganic salts, 
e.g. sodium chloride, potassium chloride, sodium or potassium chlorate, sodium or 
potassium nitrate, sodium or potassium phosphate or a mixture of such salts. It is 
also possible to add divalent cations in the form of water-soluble inorganic salts, 
suitable cations being particularly Mg 2 *, Ca 2+ , Si* + and/or Mn 2+ in the foim of the 
chlorides, or mixtures thereof, and other suitable anions being phosphate and 
phosphonate anions, which are understood to include monoorthophosphate anions 
and diorthophosphate anions or monoorthophosphonate anions and diortho- 
phosphonate anions, in combination with said cations. 

Preferred cations and anions are those which already occur in the body fluid, 
especially at the appropriate physiological concentration and with a physiological 
acidity (pH) ranging preferably from 4 to 9 and particularly preferably from 6 to 8. 
Preferred cations are Na + ,K + ,Mg 2+ and Ca 2+ . The preferred anion is CI'. The total 
amount of said cations or anions ranges preferably from about 50 meq/1 to 250 
meq/1, particularly preferably from about 100 meq/1 to 200 meq/1, and is preferably 
about 1 50 meq/1, eq/1 being the (formula) equivalent weight or corresponding to the 
atomic weight of the formula unit divided by the valency, meq/1 is the milli- 
equivalent weight per litre. If the covering contains divalent cations, especially 
Mg 2 *, Ca 2+ , St 1 * and/or Mn 2+ , on their own or in combination with the above- 
mentioned monovalent cations, the total amount of divalent cations present 
preferably ranges from 1 meq/1 to 20 meq/1. 

The coating of the implant surface with water, according to the invention, has the 
further advantage that when it is removed from the covering, the hydroxylated and 
hydrophilic implant surface is temporarily protected from the effect of harmful air- 
borne substances by the aqueous coating of the surface with water optionally 
containing selected cations and anions. 

Methods of measuring metal surfaces - in the present case the effective area of the 
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roughened implant surface provided with a surface texture - are known per se, for 
example the electrochemical methods of measurement described in detail in P.W. 
Atkins, Physical Chemistry, Oxford University Press, 1994. The surface can be 
determined (a) by measuring the electrophoretic mobility, (b) by measuring the 
surface charge by means of acid-base titration, (c) by means of impedance 
spectrometry, or (d) by means of voltammetry. Roughness measurements can also 
be used to obtain the effective surface area as the square of the hybrid parameter Lr, 
i.e. the square of the profile length ratio. DIN 4762 defines the parameter U as the 
ratio of the length of the extended two-dimensional profile to the measured 
distance. A condition of the latter measurement, however, is that the vertical and 
lateral resolution is smaller than 1 jim and even in the order of 0.1 urn. 

The reference surface for all these methods of measurement is the flat polished 
metal surface. The measured values of the roughened surface compared with those 
of the flat polished surface indicate by how much the roughened surface is larger 
than the flat polished surface. In vitro studies with bone cells and in vivo 
histomorphometric studies on implants according to the invention suggest that the 
osteophilic characteristics of the implants according to the invention are 
particularly good when the roughened surface is preferably at least 1.5 times as 
large and particularly preferably at least twice as large as the comparable flat 
polished surface. The roughened implant surface is preferably at least 2 to 12 times 
as large and particularly preferably about 2.5 to 6 times as large as the comparable 
flat polished surface. 

The wetting properties or the hydrophilic character of the implant surface 
according to the invention can be determined in a manner known per se by 
measuring the contact angle or wetting angle between the liquid (water) and the dry 
metal substrate surface by optical methods. For determination of the contact angle 
of an implant surface according to the invention, the latter is washed with pure 
water and dried in pure nitrogen or pure argon. One drop of pure water is placed 
on the horizontally aligned surface. The addition of more water, e.g. with a hollow 
needle, enlarges the drop surface to give the "upper" contact angle, while the 
removal of water reduces the drop diameter in contact with the surface to give the 
"lower" contact angle. The surface is said to have hydrophilic character when the 
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"upper" contact angle is less than 50° (<50°) and the "lower" contact angle is less 
than20°(<20°). 

Industrially produced surfaces of titanium and titanium alloys for processing in 
laboratories and clinics normally contain impurities consisting substantially of 
5 carbon compounds and traces of nitrogen, calcium, sulfur, phosphorus and silicon. 
These impurities concentrate in the outermost metal oxide layer. Preferably, the 
hydroxylated and hydrophilic implant surface contains at most 20 atom% of 
carbon, measured by spectroscopic methods such as XPS or AES or other 
spectroscopic methods known per se. 

10 

The Examples which follow illustrate the invention. 
Example 1 

15 A common shape of dental implant in the form of a screw of diameter 4 mm and 
length 10 mm was produced. The crude shape was obtained in a manner known 
per se by removing material from the cylindrical blank by turning on a lathe and 
milling. The surface to be inserted into the bone was then provided with a macro- 
roughness, in accordance with EP 0 388 575, by being sandblasted with particles 

20 having a mean size of 0.25 - 0.5 mm. The roughened surface (macro-roughness) 
was then treated for about five minutes at a temperature above 80°C with an 
aqueous hydrochloric acid/sulfuric acid mixture having an HClrHjSO^KbO ratio of 
2:1:1 to give a ratio of the roughened implant surface to the comparable polished 
surface of 3.6 as measured by voltammetry in an aqueous electrolyte containing 

25 0.15 M NaCl (corresponding to a ratio of 3.9 as measured by impedance 
spectrometry in a 0.1 molar Na2S04 electrolyte). The implant formed in this way 
was washed with pure water and then 

a) heat-sealed directly in a glass ampoule filled with pure water, opened after 4 
30 weeks and implanted; 

b) heat-sealed directly in a glass ampoule filled with pure water containing 150 
meq/1 of Na + ions, 10 meq/1 of Mg 2+ ions and the corresponding amount of CI" 
anions, opened after 4 weeks and implanted; or 
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c) dried with air containing C0 2 and implanted (comparative experiment). 
The implants obtained in experiments a), b) and c) were implanted in the upper jaw 
of a minipig. The anchorage in the bone was measured as the torque required to 
S loosen the screw implanted in the upper jaw of the minipig. The results obtained 
are shown in Table 1 . 



Table 1 





Anchorage* 
after 2 weeks 
(N-cm) 


Anchorage* 
after 3 weeks 
(N-cm) 


Anchorage* 
after 4 weeks 
(N-cm) 


Experiment a) 


35 


72 


100 


Experiment b) 


55 


80 


110 


Comparative experiment c) 


20 


58 


80 


* The anchorage is given as t 


he loosening torque in N-cm (mean values). 



The results of experiments a) and b) (implants according to the invention) show 
that the corresponding loosening torques for the indicated knitting times are 
markedly greater than those of experiment c). 

15 

Example 2 



Experiments b) and c) of Example 1 were repeated except that the implant was 
produced with a ratio of the roughened implant surface to the comparable polished 
20 surface of 1.9 (measured by impedance spectrometry in a 0.1 molar Na2S0 4 
electrolyte). This was done by cutting the implant surface only by mechanical 
means, namely turning on a lathe, and then etching it as indicated in Example 1. 
The resulting implant was washed with pure water and then 

25 a) heat-sealed directly in a glass ampoule filled with pure water containing 150 
meq/1 of Na* ions, 10 meq/1 of Mg 2 * ions and the corresponding amount of CI" 
anions, opened after 4 weeks and implanted; or 



b) dried with air containing CO2 and implanted (comparative experiment). 



CA 02360580 2001-07-18 



WO 00/44305 PCT/EPOO/00619 

13 

The implants obtained in experiments d) and e) were implanted in the upper jaw of 
a minipig. The anchorage in the bone was measured as the torque required to 
loosen the screw implanted in the upper jaw of the minipig. The results obtained 
5 are shown in Table 2 . 



Iahk2 





Anchorage* 
after 2 weeks 
(Ncm) 


Anchorage* 
after 3 weeks 
(N-cm) 


Anchorage* 
after 4 weeks 
(N-cm) 


Experiment d) 


10 


40 


65 


Comparative experiment e) 


5 


25 


60 



* Hie anchorage is given as the loosening torque in N*cm (mean values). 



10 

The results of experiment d) (implant according to the invention) show that the 
corresponding loosening torques for the indicated knitting times are markedly 
greater than those of experiment c). If it is assumed that a loosening torque of at 
least 35 N-cm is considered in dental surgery to be essential for the construction of 
15 the superstructure, the implant according to the invention achieves this value after 
3 weeks at the most. 




